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UNIVERSAL CRIMPING CONNECTOR 

Cross-Ref erence to Related Application 

This application is a continuation-in-part 
of patent application Serial No. 10/301,026, filed 
18 March, 2003 for UNIVERSAL MULTI-STAGE COMPRESSION 
CONNECTOR by Randall A. Holliday and incorporated by 
reference herein. . 

Background and Field of Invention 
This invention relates to cable 
■ v e : Q:nnectors; and more particularly relates to a novel 
and improved compression-type connector in which a 
single size connector is capable of accommodating 
different cable sizes. 

A problem which has confronted the cable 
T.V. industry for years has been to provide a single 
connector size which can accommodate a plurality of 
different-sized cables. The standard coaxial cable 
is made up of a center conductor, insulated layer 
surrounding the conductor, foil layer, braided layer 
and outer jacket. This is a typical dual shield 
cable having a single braided layer which is the 
outer conductor. Depending upon the specific 
application 'and frequencies being transmitted 


through the cable, it is necessary to modify the 
thickness of the braided layers, and consequently 
there are dual-shield, tri-shield and quad-shield 
cables. In general, the higher the frequency the 
shorter the wavelength and therefore requires more 
shielding to prevent leakage. For example, the 
quad-shield cable has two braided layers separated 
by a foil layer. Also, the braided layer may vary 
in thickness and density depending upon the 
frequencies being handled. 

U.S. Patent Nos. 5,863,220 and 6,089,913 
are incorporated by reference herein and disclose 
coaxial cable connectors that have a .crimping ring 
preasseitibled onto the connector, and the ena of the 
cable has to be inserted through the single crimping 
ring and into the inner concentric sleeves on the 
connector. There are definite size limitations 
imposed on the diameter of the crimping ring to 
ensure that it is small enough in diameter to effect 
the necessary inward contraction on the outer sleeve 
of the connector to result in a good crimp. This 
means that the pull-out force necessary to separate 
the cable from the connector is. in excess of 40 psi, 
and the cable should be contracted enough to assure 
that there is substantially no leakage or frequency 
loss between the braided layer (s) and the connector. 


At the same time, the degree of compression must not 
be so great as to cause the inner sleeve to collapse 
or be damaged or otherwise result in an impedance 
problem in the higher frequency ranges. Especially 
in larger cables, there is real difficulty in 
reaching a compromise between the optimum inner 
diameter of the crimping ring which will permit the 
cable to be easily inserted into the connector 
sleeve and the size necessary to effect a good 
crimp. Since the crimping is most important to 
assure a good connection, typically the inner 
diameter of the crimping ring is such that it is 
very difficult to insert the cable into the 
connector sleeve. This requires manual dexterity on 
the part of the installer and, after a day of making 
connections, can be extremely time-consuming, 
difficult and very tiring. 

Accordingly, for professional. and 
residential installations alike, it is desirable to 
provide a preassembled crimping ring assembly for a 
compression-type connector which is conformable for 
use with a wide range in sizes of coaxial cables 
either for the purpose of splicing cables together 
or for connecting one cable end to a terminal and 
nevertheless be capable of achieving the desired 
sealed mechanical and electrical connection there- 


between. 

Summary of the Invention 

It is an object of this invention to 
provide for a novel and improved compression-type 
connector which is employs a single crimping member 
but nevertheless is capable of connecting different 
size cables either to a terminal or to another 
connector in an efficient and reliable manner. 

Another object of the present invention is 
to provide for a novel and improved end connector 
for coaxial cables with a self-contained crimping 
ring to achieve the necessary sealed mechanical and 
electrical connection between the cable and the 
terminal or to another cable; and wherein the 
cramping ring assembly is so constructed and 
arranged as to bring about the necessary inward 
radial deformation or compression of the connector 
into crimping engagement with the cable in response 
to axial advancement of the crimping ring assembly 
with existing compression tools. 

A further object of the present invention 
is to provide for a novel and improved cable 
connector with pre-assembled* crimping ring which 
will effect sealed engagement between the connector 
and cable in a minimum number of steps and 
simplified manner. 


In accordance with the present invention, 
a connector fitting has been devised for connecting 
a cable having an electrically conductive member to 
another electrically conductive member, the fitting 
comprising a sleeve member of a continuous 
cylindrical configuration sized for insertion of :an 
end of the cable therein, and a cylindrical crimping 
member having at least one inner tapered annular 
surface portion dimensioned to advance over the 
sleeve member, the inner tapered annular surface 
portion being disposed in close-fitting engagement 
with said sleeve member whereupon axial advancement 
of the crimping member along the sleeve member will 
impart inward radial deformation to the sleeve 
member into sealed engagement with an external 
surface portion of the cable. Preferably, the 
sleeve member includes an outer rearwardly tapered 
wall portion substantially complementary to the 
inner tapered annular surface portion of the 
crimping member, and releasable locking means are 
provided between the sleeve member and crimping 
member for releasably mounting the crimping member 
in preassembled relation to the sleeve member. In 
one form of information, the releasable locking 
means includes a first locking member projecting 
radially inwardly from the inner tapered annular 


surface portion of the crimping member and a second 
locking member projecting radially inwardly from an 
external wall surface of the sleeve member. 

The crimping member is preferably designed 
with an inner tapered annular surface portion which 
has a progressively increasing tapered angle 
rearwardly 'from the leading end of" the crimping 
member, and the sleeve member has an external wall 
surface which diverges forwardly away from the 
entrance end of the sleeve and is substantially 
complementary to the inner tapered annular surface 
portion of the crimping member. 

The fitting of the present invention is 
specifically adaptable for use with coaxial TV 
cables for terminating different size cables 
depending upon the particular application and 
frequency being transmitted and, to this end, the 
inner tapered annular surface portion of the 
crimping member has a diameter at least as great as 
the outer diameter of the sleeve in order to be 
preassembled onto the sleeve and tapers to a second 
inner diameter less than the outer diameter of the 
sleeve but greater than the diameters of the cables 
to be inserted therein. 

In a two-stage connector in accordance 
with the present invention, a - pair of crimping rings 
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are arranged in telescoping relation to one another 
and to the sleeve, the first crimping ring having an 
inner tapered annular surface portion adapted to 
advance over the outer surface of the sleeve member 
as in the first form of invention described 
herein, and the second crimping member also having an 
inner tapered annular surface portion so that when 
the crimping rings are axially advanced over the 
outer sleeve will cause inward radial deformation of 
the sleeve into sealed engagement with an external 
surface of the cable. 

There has been "outlined, rather broadly, 
the more important features of the invention in 
order that the detailed description thereof that 
follows may be better understood, and in order that 
the present contribution to the art may be better 
appreciated. There are, of course, additional 
features of the invention that will be described 
hereinafter and which will form the subject matter 
of the claims appended hereto. In this respect, 
before explaining at least one embodiment of the 
invention in detail, it is to be understood that the 
invention is not limited in its application to the 
details of construction and to the arrangements of 
the components set forth in the following 
description. The invention is capable of other 


embodiments and of being practiced and carried out 
in various ways. Also, it is to be understood that 
the phraseology and terminology employed herein are 
for the purpose of description and should not be 
regarded as limiting. As such, those skilled in the 
art will appreciate that the conception, upon which 
this disclosure is based, may readily be utilized as 
a basis for the designing of other structures, 
methods and systems for carrying out the several 
purposes of the present invention. It is important, 
therefore, that the claims be regarded as including 
such equivalent constructions insofar as they do not 
depart from the spirit and scope of the present 
invention. 

Brief Description of the Drawings 

Figure 1 is an elevational view partially 
in section of one form of connector assembly in 
accordance with the present invention; 

Figure 1A is a detailed view taken at A in 
Figure 1 showing a connector partially inserted into 
a crimping ring; 

Figure IB is a detailed view taken at A in 
Figure 1 after the crimping ring has been advanced 
into a preassembled position; 

Figure 2 is another elevational view 
partially in section of the form of invention shown 


in Figure 1 after continued advancement of the 
crimping ring over the sleeve; 

Figure 2A is a detailed view taken at A in 

Figure 2; 

Figure 3 is another elevational view 
partially in section of the form of invention shown 
in Figures 1 and 2 after continued advancement of 
the crimping ring into the fully closed position 
with the connector sleeve; 

Figure 4 is another view partially in 
section of a modified form of invention in which the 
rearward end of the crimping ring is a straight 
cylinder or constant inner diameter; 

Figure 5 is a view partially in section of 
another modified form of connector assembly in 
accordance with the present inventions- 
Figure 5A is a detailed view taking at A 
of Figure 5 with a first crimping ring partially 
advanced over the sleeve of the connector; 

Figure 6 is another view of the form of 
invention shown in Figure 5 with a first crimping 
ring fully advanced over the sleeve of the 
connector; and 

Figure 7 is another view of the form of 
invention of Figures 5 and 6 with a second crimping 
ring fully advanced over the first crimping ring 


into a closed position. 

Detailed Description of First Embodiment 

Referring in detail to the drawings, there 
is illustrated in Figures 1 to 3 an end connector 10 
which is adapted for connecting a standard coaxial 
cable 100 to a television terminal. Figure 1 
illustrates the connector 10 in the open or 
preassembled position with a standard coaxial cable 
100 aligned with a starter guide 12 which aids in 
aligning the cable for insertion into the connector 
as illustrated in Figure 2. The starter guide 12 is 
illustrated and described in more detail in U.S. 
Patent No. 6,352,408 for CABLE TV END CONNECTOR 
STARTER GUIDE and is incorporated by reference 
herein. A crimping ring 50 is preassembled onto one 
end of the connector 10 prior to insertion of the 
cable 100. 

The end connector 10 is broadly made up of 
an inner concentric sleeve 14 having an external 
shoulder 16 at its forward end, and an outer 
concentric sleeve shoulder has an external shoulder 
21 and an external groove 22. A threaded fastener 
24 has a rearward end 26 which is interpositioned 
between the shoulders 16 and 21, and the fastener 24 
is internally threaded for connection in a well- 
known manner to a post or terminal on a television 
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set. An exterior surface of the fastener 24 is 
provided with suitable flats 28 to facilitate 
engagement by a tool, such as, a crescent wrench, 
and the rear end portion 26 enables the fastener 24 
to be rotated independently of the rest of the 
connector- The inner sleeve 14 and outer sleeve 18 
are substantially coextensive and extend rearwardly 
in spaced concentric relation to one another so as 
to form an annular space 30 therebetween for 
insertion of the cable in a manner to be described. 
The inner concentric sleeve 14 is of substantially 
uniform diameter but with a slight rearward taper 
and includes a plurality of axially spaced, annular 
serrations 32 toward the rearward end along its 
inner wall surface. The outer sleeve 18 extends 
rearwardly to a point slightly less than the 
rearward end of the inner sleeve 14 and includes a 
thin-walled section 34 of a substantially uniform 
thickness and terminating in an external shoulder 
36, the shoulder 36 being at the forward end of a 
sealing ring section 38 of the outer sleeve. The 
section 38 is thicker than the section 34 and has a 
plurality of axially spaced sealing rings 40 along 
its inner surface which are constructed in 
accordance with the teachings of U.S. Patent No. 
5,501,616 and which project radially inwardly from 


inner wall surface 41 of the section 38. An 
external wall surface 42 of the section 38 extends 
rearwardly from the shoulder 36 and is tapered 
rearwardly; also, the inner surface 41 tapers toward 
the outer wall surface in a rearward direction or in 
other words diverges in a radial outward direction 
as it progresses rearwardly away from the 
intermediate section 18. By virtue of the rearward 
taper between the inner and outer walls 41 and 42 
results in a thickened cross-section of the sleeve 
at or just rearwardly of the shoulder 36 for a 
purpose to be described. 

In accordance with the present invention, 
a single crimping ring member 50 includes an outer 
wall 52 having an inset portion 54 to receive a band 
55, the outer surface of which is flush with the 
outer wall 52 and includes a first forwardly tapered 
inner wall surface 56 which terminates in a 
generally circular rib 57 projecting radially 
inwardly from the leading or forward end of the 
crimping member 50. A second forwardly tapered 
inner wall surface 58 is of an increased tapered 
angle relative to the first inner tapered wall 
surface 56 and intersects a rearwardly tapered third 
inner wall surface 60, the latter terminating in a 
beveled end surface 62. 


The rib 57 forms an inward radial 
continuation of a rounded leading end portion 64 and 
terminates in an internal shoulder 66. The crimping 
ring 50 is preferably composed of a plastic material 
with sufficient resiliency that the rib 57 is 
compressible when it is forced over the external 
tapered wall 38 of the outer sleeve "18 and, upon 
moving into alignment with the external shoulder 36, 
the rib will expand so as to fit snugly in place 
against the shoulder 36 and prevent accidental 
loosening or removal of the crimping ring 50 from 
the connector 10. The first inner tapered wall 
surface 56 is tapered at an angle substantially 
corresponding to the angle of taper of the wall 42 
of the sleeve 18, as best seen from Figure 1A, and 
will move into snug-fitting engagement with the 
external wall 42 after the rib 57 has advanced into 
engagement with the shoulder 36, as best seen from 
Figure IB. Axial advancement may be done with a 
standard compression tool, such as, that disclosed 
in U.S. Letters Patent No. 6,089,913, or as shown in 
Figure 7. The outer sleeve 18 is composed of a 
material, such as, brass which will resist any 
radial compression as the rib 58 is advanced over 
the wall surface 42. However, the crimping ring 50 
is of sufficient hardness along the tapered wall 
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surfaces 56 and 58 as to cause the sleeve 18 to be 
deformed radially inwardly. Although the first 
tapered wall surface 56 is dimensioned to exert 
little, if any, inward radial pressure on the outer 
sleeve 18 at least until the end of its advancement 
into the assembled position shown in Figure IB, 
continued axial advancement as illustrated in 
Figures 2 and 2A will impart increasing inward 
radial pressure to the rear section 38 of the sleeve 
18 causing it to be deformed radially inwardly. 
Inward radial compression is increased by the 
continued advancement of the second inner - tapered 
surface portion 60 over the rear section 38 of the 
sleeve 18, as shown in Figures 3 and 3A, until the 
rib 58 moves into engagement with the groove 22 at 
the leading end of the sleeve 18. As shown, the 
degree of inward compression or crimping of the 
sleeve 18 is at its greatest along the thickest 
portion of the tapered wall section 38, and the 
sealing rings 40 will be forced radially inwardly to 
a greater extent into engagement with the outer 
jacket of the cable at the thickest portion nearer 
to the shoulder 36 than at the opposite end where 
the section 38 is much thinner. 

A standard form of coaxial cable 100 is 
illustrated in Figures 1 through 3 which is made up 


of an inner conductor 102, dielectric insulator 104, 
outer braided conductor layer 106, and a dielectric 
outer jacket 108. Typically, foil layers, not 
shown, are interposed between the insulator 104 and 
layer 106 as well as between the braided layer 106 
and the jacket 108. The end of the cable 100 to be 
inserted into the connector 10 is prepared by 
removing portions of the insulator 104 , layer 106 
and jacket 108 from the end of the cable to expose 
an end portion of the conductor 102. Also, a 
portion of the braided layer 106 which extends 
beyond the jacket 108 is peeled back over a leading 
end of the jacket 108, as best seen from Figures 2 
and 3. Cable diameters or sizes vary according to 
the application and the freguencies transmitted 
through them, for example, when used to connect to 
a TV terminal or post. Typically, one or more 
braided layers 106 are employed depending upon the 
frequencies handled and can result in a variation in 
diameter of the cable 100 on the order of 0.024 in. 

It is desirable to form a rearward taper 
diverging outwardly along the wall surface 60 and 
terminating in a beveled end 62 to guide each cable 
into the assembled position shown in Figure 2, the 
braided layer 106 being doubled over the jacket 108 
and terminating at a point just short of the first 


of the sealing rings 40. Further, as described in 
my hereinbefore referred to Patent Application for 
UNIVERSAL MULTI-STAGE COMPRESSION CONNECTOR, as a 
rule of thumb, the inner diameter of the crimping 
ring 50 must be at least as great at its leading end 
as the outside diameter or size of the cable 100 but 
taper rearwardly to a diameter less than the 
diameter of the inner wall of the sleeve 18 of the 
connector. For that reason, the degree of taper of 
the inner walls 56 and 58 must establish a reduction 
in diameter from the leading end just rearwardly of 
the rib 57 which meets or exceeds the difference in 
diameter between the outer wall of the section 38 at 
its rearward or entrance end and the inner diameter 
of the section 38 at its thickest point, as 
previously described, in order to ensure that the 
sealing ribs 40 will be compressed into sealed 
engagement with the jacket 108 of the cable 100. As 
illustrated in Figures 1 to 3, most desirably the 
leading end of the inner tapered wall surface 56 is 
of a slightly greater diameter than the outer 
diameter of the rearward or entrance end of the 
section 38 so that the inner tapered surface portion 
56 will not start to contact the outer diameter of 
the section 38 until it has been advanced 
approximately half way along the section 38. 


However, the rib 57 is of a reduced diameter with 
respect to the outer wall of the section 38 but 
nevertheless is of limited cross-section and 
sufficiently compressible as to slide over the outer 
wall surface 42 of the section 38. As a result of 
the spacing between the inner wall 56 and outer wall 
42 less force is required for the compression tool 
T, as shown in Figure 7, to initially slide the 
crimping ring 50 into the preassembled position 
shown in Figure IB. 

In a typical installation procedure, the 
leading end of the cable 100 is. prepared as 
described with the braided layer 106 folded over the 
leading end of the jacket 108. The crimping ring 50 
will have been mounted as described in the 
preassembled position shown in Figures 1 and IB; and 
the leading end of the cable 100 is then inserted 
through the crimping ring into the annular space 30 
between the inner and outer sleeves 14 and 18, as 
shown in Figure 2. A standard compression tool T, 
such as, that illustrated in Figure 7 is provided 
with jaws J 1 and J 2 which are opened wide enough to 
permit insertion of the preassembled connector 10, 
crimping ring 50 and cable 100 between the jaws. By 
means of a lever arm on the tool, not shown, an 
axial compressive force is applied to advance the 


crimping ring 50 from the position shown in Figure 
2 to the closed position shown in Figure 3 during 
which the first and. second tapered surfaces 56 and 
58 will have exerted a progressively increasing 
compressive force on the wall section 38 and causing 
the sealing ribs 40 to be deformed radially inwardly 
into sealed engagement with the outer jacket as 
shown in Figure 3A. Typically, the jacket is made 
of a rubber or rubber-like material or other 
resilient material which will fill the grooves 41 
between the sealing ribs to an extent sufficient to 
form a water tight seal between the axially spaced 
annular sealing ribs 40. It will be evident that 
the tapered surfaces 56 and 58 will impart some 
degree of inward radial deformation to the sleeve 18 
forwardly of the section 38 so that it will assume 
the configuration illustrated in Figure 3 and cause 
the folded-over braided layer 106 to be in firm 
contact with the inner and outer sleeves 14 and 18. 
Modified Forms of Invention 
Figure 4 illustrates an alternate form of 
connector 10 f in which like parts are 
correspondingly enumerated to those of Figures 1 to 
3. Specifically, the connector 10' is constructed 
in the same manner as the connector 10, and a 
crimping ring 50 1 is preassembled onto one end of 
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the connector 10'. The crimping ring 50 1 is 
identical to the crimping ring 50 except that the 
inner wall 60 1 is of a uniform diameter rather than 
being tapered toward the entrance end as in Figures 
1 to 3. Accordingly/ the entrance end for insertion 
of a cable 100 does not afford the same clearance 
for advancement of the cable 100 into the connector. 
However, the wall surface 60' will maintain a 
greater degree of pressure on the sleeve section 38 
once the crimping operation is completed. 

Another modified form of compression 
connector assembly is shown in Figures 5 and 6 
wherein a pair of crimping rings 70 and 72 have been 
devised in place of a single crimping ring 50, as 
shown in Figures 1 to 3, in attaching the end of a 
standard coaxial cable 100 to a connector 10. 
Accordingly, like parts to those of Figures 1 to 3 
are correspondingly enumerated with respect to the 
cable 100 and connector 10, and the crimping rings 
70 and 72 are preassembled in axially offset 
relation to one another and to the outer sleeve 18 
of the connector 10. The first crimping ring 70 
includes a cylindrical portion 74 which is enlarged 
or thickened with respect to a relatively thin- 
walled cylindrical portion 76 which tapers 
rearwardly from the portion 74 and terminates in a 
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trailing end 78. The cylindrical portion 7 4 defines 
an external shoulder 80 at its juncture with the 
thin-walled portion 76, and the portion 74 has a 
circumferential rib 82 at its leading beveled end 
which extends radially inwardly for engagement with 
the outer wall surface of the rear section 38 of the 
connector sleeve 18. In particular , it will be 
noted that the inner wall surface 84 tapers 
rearwardly from a diameter greater than that of the 
outer surface 42 of the rear section 38 to a 
diameter approximately the same as the inner 
diameter of the rear section 38. 

The first crimping ring member 70 is 
preferably composed of a plastic material, such as, 
DELRIN® having sufficient resiliency as well as 
compressibility that the leading end can be expanded 
slightly to permit the rib 82 to slide over the 
external surface of the rear section 38 and. snap 
into position against a shoulder 36. The elongated 
tapered portion 76 terminates in a - radially 
outwardly projecting rib 84 at its trailing edge 78, 
as best seen from Figure 5B. 

The second crimping ring 72 includes an 
annular body 88 having a forwardly tapered inner 
wall surface 90 between a relatively thick-walled 
portion 88 at its rearward end and a thin-walled 
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leading end portion 92. The leading end 92 and 
inner tapered wall surface 90 are dimensioned to fit 
snugly over the trailing end 78 of the first 
crimping member 70 when assembled onto the connector 
10. A circumferential groove 95 in the tapered wall 
surface 90 is adapted to receive the rib 84 on the 
first crimping member 70 to releasably connect the 
crimping rings 70 and 72 together when preassembled 
onto the connector 10. A second groove 96 is 
axially spaced from the first groove 95 to engage 
the rib 84 when the second crimping ring 72 is 
axially advanced over the first crimping ring 70 
between the position shown in Figure 5 and that 
shown in Figure 6. 

In practice, the rings 70 and 72 are 
preassembled onto the connector 10 such that the rib 
82 is advanced into engagement with the .shoulder 36 
and the groove 95 is advanced into alignment with 
the rib 78. The cable 100 is prepared with the 
braided layer 106 folded over the leading end of the 
jacket 108 and inserted through the crimping rings 
70 and 72 into the annular space 30 between the 
inner and outer sleeves 14 and 18, as shown in 
Figure 5. A hand-operated crimping tool T as 
illustrated in Figure 7 is opened to permit 
insertion of the connector 10 between the jaws J l and 


J 2 , and an axial compressive force is applied to 
advance the crimping rings 70, 72 over the sleeve 18 
until the rib 82 moves into engagement with the 
groove 22 and the crimping ring 72 slides over the 
crimping ring 70 until the second groove 96 moves 
into engagement with the rib 78. Progressive 
advancement of the crimping rings 70 and 72 along 
the rear section 38 of the connector '10 will impart 
inward radial deformation to the section 38 causing 
it to be deformed radially and inwardly into 
engagement with the jacket 108, and the resilient 
material of the jacket will fill the grooves between 
the sealing rings 40 so as to effect a water-tight 
seal . 

From the foregoing, it will be appreciated 
that the two-stage compression connector of Figures 
5 and 6 with a pair of crimping rings in axially 
offset relation to one another will impart a 
progressive crimping action to the connector in very 
much the same manner as the single stage compression 
connectors of Figures 1 to 4 . One difference is 
that the two-stage compression connector requires 
that the second crimping ring impart crimping action 
by compressing the first crimping ring against the 
connector sleeves 14 and 18 whereas the single stage 
connector of the embodiments of Figures 1 to 4 will 
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impart a progressively increased compressive force 
directly to the connector sleeves 14 and 18. For 
this reason, . most desirably in the single stage 
connector of Figures 1 to 4, the main body 59 of the 
crimping ring 50 is composed of a plastic material 
as referred to earlier and the outer band or liner 
55 is composed of a metallic material and terminates 
in the relatively thick beveled end 62; whereas in 
the two-stage compression connector of Figures 5 and 
6, the first or inner crimping ring 70 is composed 
of plastic and the second or outer crimping ring 72 
composed of a metallic material of sufficient 
strength and hardness as to be capable of 
compressing the crimping ring and deform the sleeve 
member 18 radially inwardly into sealed engagement 
with the jacket 108 as previously described. 
Another advantage of the single stage compression 
connector is that it will permit utilization with 
multiple sizes of cables although not to the same 
degree as the multi-stage compression connector 
depending upon the degree of compression required to 
effect the necessary sealed engagement. 

It is therefore to be understood that 
while alternate forms of invention are herein set 
forth and described, the above and other 
modifications may be made therein without departing 


from the spirit and scope of the invention as 
defined by the appended claims and reasonable 
equivalents thereof. 
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